Rats suffering from experimental hemiparkinsonism induced by a unilateral injection of 6-hydroxydopamine into the left area ventralis tegmenti showed a strong ipsilateral deviation and scoliosislike skeletal deformity. The rats often showed single rotatory curves affecting the thoracic and lumbar regions, although cases with multiple curves were also found. The severity of the scoliosis was closely related to a decrease in extracellular striatal dopamine measured with microdialysis and to the development of postsynaptic dopamine receptor supersensitivity, functionally evaluated with rotational behaviour elicited with apomorphine. Indeed, rats with the strongest dopamine depletion (>95%) and the strongest rotational responses showed the sharpest spinal deviation and skeletal deformity. These findings agree with the clinical observations that scoliosis occurs in patients with Parkinson's disease and its direction is correlated with the side ofthe major signs and symptoms of parkinsonism. reported that while the incidence of scoliosis in patients with Parkinson's disease is higher than it is in the older general population, it is not related to age, disease stage, duration of disease, levodopa treatment, or presence of dyskinesia.
Scoliosis, a rotatory lateral curvature of the spine, accompanied by an asymmetric deformity of the trunk, occurs more frequently in patients with Parkinson's disease' than in the elderly population.2 Duvoisin and Marsden' reported evidence showing that the direction of the spinal curvature correlates with the laterality of other manifestations of parkinsonism. These authors suggested that a lesion of the substantia nigra could produce ipsilateral scoliosis in humans as well as in the rat. In the rat, a unilateral injection of the neurotoxin 6-hydroxydopamine (60HDA) into the area ventralis tegmenti containing the bundle of axons leaving the mesencephalic dopamine (DA) cell bodies produces unilateral telencephalic DA deafferentation.? This is followed by a postural deviation, with the head, body and tail showing a concave curve towards the lesioned side. This postural deviation can be reversed or even converted into a compulsive contralateral rotational behaviour by treating the rat with agonists stimulating DA receptors rendered supersensitive after denervation. 6 These observations led to an experimental model in rats, the rotational model,78 which has been extensively used for studying parkinsonism. However, whether the postural deviation induced by this experimental hemiparkinsonism is accompanied by skeletal changes affecting the spine and the trunk has not yet been studied. Grimes et al9
reported that while the incidence of scoliosis in patients with Parkinson's disease is higher than it is in the older general population, it is not related to age, disease stage, duration of disease, levodopa treatment, or presence of dyskinesia.
We present radiographic evidence that unilateral nigrostriatal DA denervation produces scoliosis in rats, which is associated with a decrease in extracellular striatal DA, assayed in vivo with microdialysis,'0 and to the total amount and intensity of contralateral rotational behaviour induced with a low dose of systemic apomorphine. In vivo microdialysis One year old normal (500-600g) or lesioned rats (400-500g) were anaesthetised and placed in a stereotaxic frame. Two microdialysis probes (CM 10, Carnegie Medicin AB, Stockholm, Sweden) (dialysing length = 4 mm; diameter 0 5 mm) were implanted, one into the left and the other into the right striatum (coordinates: B 0-7, L ±3 0, V -1I5). The microdialysis probes were perfused with a Ringer solution (147 mmol Na+, 2 3 mmol Ca2", 4 mmol K+ and 155-6 mmol Cl-, pH 6-0) (basal condition) and Ringer including 100 mM KC1 (stimulated condition) at a constant flow of 2 pl/min maintained with a microdialysis pump (CMA 100, Carnegie Medicin AB). Changes in the perfusion medium were performed by using a liquid switch (CM 11, Carnegie Medicin AB), which makes it possible instantaneously to shift syringes containing the different perfusion media without introducing air into the system. Samples (40 pl) were collected in 300 pl assay tubes (Eppendorf, Hamburg, FRG), containing 10 pl of 1 M perchloric acid. Halothane anaesthesia was maintained throughout the experiment by free breathing into a mask fitted over the nose of the rat (1 0-1 5% of halothane maintained by an air flow of 1-5 1/min). Body temperature was kept at 37°C with a heating pad controlled via a rectal thermometer. DA and metabolites were assayed in 20 min fractions on a reverse phase ion-pair High Performance Liquid Chromatography (HPLC) system (BAS, West Lafayette, IN, USA) with electrochemical detection. '4 Radiographic evaluation One year old normal and lesioned rats were anaesthetised with ether and decubitus dorsal In vivo microdialysis Table 2 shows the levels ofDA and metabolites found in perfusates taken by microdialysis from the right and left striatum of control and lesioned animals, under basal and stimulated conditions. The 6OHDA lesion produced a strong reduction of DA release and levels of DA metabolites, compared with their own intact striatum or to striata of control rats. The 5-HT metabolite, 5-HIAA was less affected (table 2). The high rotator group showed the strongest inhibition (high rotators > 950,% inhibition of basal DA; low rotators >90% inhibition). The nigral IBA lesion also produced a drop in DA (>60% DA inhibi-. tion), which, however, was significantly lower than that observed after 6OHDA.
Materials and methods
Radiographic evaluation Six 6OHDA-denervated rats (randomly selected between the high (N = 3) and low (N = 3) rotator groups), two IBA-SNR rats and two normal (aged-matched) rats were radiographically examined. b), while animals with a IBA-lesion of the SNR (fig 1c) 
